Introduction {#Sec1}
============

Recent data from RHIC and the CERN LHC for mesons containing charm and beauty quarks have allowed more detailed theoretical and experimental studies \[[@CR1]\] of the phenomenology of these heavy quarks in a deconfined quark gluon plasma (QGP) \[[@CR2]\] at large energy densities and high temperatures \[[@CR3]\]. Heavy quarks, whether as quarkonium states $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Q} \overline{\mathrm{q}} $$\end{document}$ (open heavy flavour) \[[@CR5]\], are considered key probes of the QGP, since their short formation time allows them to probe all stages of the QGP evolution \[[@CR1]\].
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                \begin{document}$$\mathrm{b}$$\end{document}$ hadron decays \[[@CR6]--[@CR8]\], offering the opportunity of studying both open beauty and hidden charm in the same measurement. Because of the long lifetime ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{b}$$\end{document}$ hadrons, compared to the QGP lifetime ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {O}(10) {fm}/c$$\end{document}$), the nonprompt contribution should not suffer from colour screening of the potential between the $\documentclass[12pt]{minimal}
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                \begin{document}$$\overline{\mathrm{Q}}$$\end{document}$ by the surrounding light quarks and gluons, which decreases the prompt quarkonium yield \[[@CR9]\]. Instead, the nonprompt contribution should reflect the energy loss of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{b}$$\end{document}$ quarks in the medium. The importance of an unambiguous and detailed measurement of open beauty flavour is driven by the need to understand key features of the dynamics of parton interactions and hadron formation in the QGP: the colour-charge and parton-mass dependences for the in-medium interactions \[[@CR5], [@CR10]--[@CR13]\], the relative contribution of radiative and collisional energy loss \[[@CR14]--[@CR16]\], and the effects of different hadron formation times \[[@CR17], [@CR18]\]. Another aspect of the heavy-quark phenomenology in the QGP concerns differences in the behaviour (energy loss mechanisms, amount and strength of interactions with the surrounding medium) of a $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Q} \overline{\mathrm{Q}} $$\end{document}$ pair (the pre-quarkonium state) relative to that of a single heavy quark *Q* (the pre-meson component) \[[@CR19]--[@CR21]\].

Experimentally, modifications to the particle production are usually quantified by the ratio of the yield measured in heavy ion collisions to that in proton--proton ($\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{p}\mathrm{p}$$\end{document}$) collisions, scaled by the mean number of binary nucleon--nucleon (NN) collisions. This ratio is called the nuclear modification factor $\documentclass[12pt]{minimal}
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                \begin{document}$$R_{\mathrm{AA}} = 1$$\end{document}$ for hard processes, which scale with the number of NN collisions. The $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm{T}}$$\end{document}$), rapidity (*y*) and collision centrality \[[@CR22]\]. A strong centrality-dependent suppression has been observed for $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm{T}} > 6.5\,{\mathrm{GeV}}/{\mathrm{c}} $$\end{document}$. The ALICE Collaboration has measured $\documentclass[12pt]{minimal}
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                \begin{document}$$|{y}|<0.8$$\end{document}$) \[[@CR23]\] and in the muon channel at forward rapidity ($\documentclass[12pt]{minimal}
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                \begin{document}$$2.5<y<4$$\end{document}$) \[[@CR24]\]. Except for the most peripheral event selection, a suppression of inclusive $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ meson production is observed for all collision centralities. However, the suppression is smaller than that at $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\mathrm{TeV}$$\end{document}$  \[[@CR25]\], smaller at midrapidity than at forward rapidity, and, in the forward region, smaller for $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ yield is the result of an interplay between (a) primordial production ($\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ produced in the initial hard-scattering of the collisions), (b) colour screening and energy loss ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ destroyed or modified by interactions with the surrounding medium), and (c) recombination/regeneration mechanisms in a deconfined partonic medium, or at the time of hadronization ($\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ created when a free charm and a free anti-charm quark come close enough to each other to form a bound state) \[[@CR27]--[@CR29]\].
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                \begin{document}$$v_{2}$$\end{document}$. This is the second Fourier coefficient in the expansion of the azimuthal angle ($\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ mesons, $\documentclass[12pt]{minimal}
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                \begin{document}$$\Psi _{\mathrm{PP}}$$\end{document}$, the azimuthal angle of the "participant plane" calculated for each event. In a noncentral heavy ion collision, the overlap region of the two colliding nuclei has a lenticular shape. The participant plane is defined by the beam direction and the direction of the shorter axis of the lenticular region. Typical sources for a nonzero elliptic anisotropy are a path length difference arising from energy loss of particles traversing the reaction zone, or different pressure gradients along the short and long axes. Both effects convert the initial spatial anisotropy into a momentum anisotropy $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm{T}}$$\end{document}$ and/or heavy particles (so-called "hard probes" of the medium), for which the parent parton is produced at an early stage of the collision. If the partons are emitted in the direction of the participant plane, they have on average a shorter in-medium path length than partons emitted orthogonally, leading to a smaller modification to their energy or, in the case of $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathrm{J}}/\psi $$\end{document}$ mesons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$2<p_{\mathrm{T}} <4$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\,{\mathrm{GeV}}/{\mathrm{c}}$$\end{document}$ there was an indication of nonzero $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$p_{\mathrm{T}}$$\end{document}$, despite their much larger mass than those of the *u*, *s*, *d* quarks, participate in the collective expansion of the medium. A second possibility is that there is no collective motion for the charm quarks, and the observed anisotropy is acquired via quark recombination \[[@CR27], [@CR33], [@CR34]\].
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Experimental setup and event selection {#Sec2}
======================================

A detailed description of the CMS detector, together with a definition of the coordinate system and the relevant kinematic variables, can be found in Ref. \[[@CR35]\]. The central feature of the CMS apparatus is a superconducting solenoid, of 6 m internal diameter and 15 m length. Within the field volume are the silicon tracker, the crystal electromagnetic calorimeter, and the brass and scintillator hadron calorimeter. The CMS apparatus also has extensive forward calorimetry, including two steel and quartz-fiber Cherenkov hadron forward (HF) calorimeters, which cover the range $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ plane, form towers projecting radially outwards from close to the nominal interaction point. These detectors are used in the present analysis for the event selection, collision impact parameter determination, and measurement of the azimuthal angle of the participant plane.

Muons are detected in the pseudorapidity window $\documentclass[12pt]{minimal}
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                \begin{document}$$|{\eta }|< 2.4$$\end{document}$, by gas-ionization detectors made of three technologies: drift tubes, cathode strip chambers, and resistive plate chambers, embedded in the steel flux-return yoke of the solenoid. The silicon tracker is composed of pixel detectors (three barrel layers and two forward disks on either side of the detector, made of 66 million $\documentclass[12pt]{minimal}
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The measurements reported here are based on $\documentclass[12pt]{minimal}
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In order to select a sample of purely inelastic hadronic PbPb (pp) collisions, the contributions from ultraperipheral collisions and noncollision beam background are removed offline, as described in Ref. \[[@CR36]\]. Events are preselected if they contain a reconstructed primary vertex formed by at least two tracks and at least three (one in the case of pp events) HF towers on each side of the interaction point with an energy of at least 3$\documentclass[12pt]{minimal}
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Muons are reconstructed offline using tracks in the muon detectors ("standalone muons") that are then matched to tracks in the silicon tracker, using an algorithm optimized for the heavy ion environment \[[@CR38]\]. In addition, an iterative track reconstruction algorithm \[[@CR39]\] is applied to the $\documentclass[12pt]{minimal}
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The centrality of heavy ion collisions, i.e. the geometrical overlap of the incoming nuclei, is correlated to the energy released in the collisions. In CMS, centrality is defined as percentiles of the distribution of the energy deposited in the HFs. Using a Glauber model calculation as described in Ref. \[[@CR36]\], one can estimate variables related to the centrality, such as the mean number of nucleons participating in the collisions ($\documentclass[12pt]{minimal}
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Several Monte Carlo (MC) simulated event samples are used to model the signal shapes and evaluate reconstruction, trigger, and selection efficiencies. Samples of prompt and nonprompt $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{PbPb}$$\end{document}$ case, the [pythia]{.smallcaps} signal events are further embedded in heavy ion events generated with [hydjet]{.smallcaps}  1.8 \[[@CR51]\], at the level of detector hits and with matching vertices. The detector response was simulated with [Geant4]{.smallcaps}  \[[@CR52]\], and the resulting information was processed through the full event reconstruction chain, including trigger emulation.

Analysis {#Sec3}
========

Throughout this analysis the same methods for signal extraction and corrections are used for both the $\documentclass[12pt]{minimal}
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Corrections {#Sec4}
-----------
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Signal extraction {#Sec5}
-----------------

The single-muon acceptance and identification criteria are the same as in Ref. \[[@CR22]\]. Opposite-charge muon pairs, with invariant mass between 2.6 and 3.5$\documentclass[12pt]{minimal}
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Estimation of uncertainties {#Sec6}
---------------------------

Several sources of systematic uncertainties are considered for both $\documentclass[12pt]{minimal}
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The systematic uncertainties in the signal extraction method (fitting) are evaluated by varying the analytical form of each component of the PDF hypotheses. For the invariant mass PDF, as an alternative signal shape, a sum of two Gaussian functions is used, with shared mean and both widths as free parameters in the fit. For the same PDF, the uncertainty in the background shape is evaluated using a first order Chebychev polynomial. For the differential centrality bins, with the invariant mass signal PDF parameters fixed to the 0--100% bin, an uncertainty is calculated by performing fits in which the constrained parameters are allowed to vary with a Gaussian PDF. The mean of the constraining Gaussian function and the initial value of the constrained parameters come from the fitting in the 0--100% bin with no fixed parameters. The uncertainties of the parameters in the 0--100% bin is used as a width of the constraining Gaussian. For the lifetime PDF components, the settings that could potentially affect the b fraction are changed. The $\documentclass[12pt]{minimal}
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Three independent uncertainties are assigned for the dimuon efficiency corrections. One addresses the uncertainty on the parametrization of the efficiency *vs.* $\documentclass[12pt]{minimal}
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A second uncertainty addresses the accuracy of the efficiency *vs.* $\documentclass[12pt]{minimal}
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Finally, a third class of uncertainty arises from the scaling factors. For the $\documentclass[12pt]{minimal}
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See Tables [1](#Tab1){ref-type="table"}, [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}.
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